Introduction
============

Among the peripheral vestibular disorders, benign paroxysmal positional vertigo (BPPV) is the most common. Benign paroxysmal positional vertigo is characterized by episodes of vertigo roundabout when the head is moved. [@JR0610sr-1] According to Parnes and Agrawal (2003), 42% of vertigo cases diagnosed in primary care health services are due to BPPV, affecting especially women and the elderly. Although happening suddenly and unexpectedly, such a sense of vertigo has no progressive characteristic. [@JR0610sr-2]

Benign paroxysmal positional vertigo can happen through two different mechanisms: the first is known as canalithiasis, in which degenerative debris (otoconia fragments) of the utricle are circulating freely in the endolymph of the semicircular canals of the labyrinth; [@JR0610sr-3] the second mechanism, cupulolithiasis, proposes that these same degenerative debris are not circulating in the canals but adhered to the cupula of the posterior canal, making it more sensitive to gravity. [@JR0610sr-4]

The diagnosis of BPPV is clinical and is done mainly through maneuvers that determine what canal and what type of BPPV patients present. Among them, there is the Dix-Hallpike, described in 1952, which evaluates the anterior and posterior canals and is considered as the gold standard for the diagnosis of BPPV. If it is positive, the person evaluated presents vertigo and nystagmus. [@JR0610sr-5] When the affected canal is lateral, the best maneuver is the Roll test. The onset of vertigo and nystagmus will also happen in positive cases. [@JR0610sr-6]

Treatment success depends on identifying and specifying the type of BPPV and canal involved. Formerly, it was believed that only the posterior semicircular canal was involved in this type of dysfunction. However, it is now known that the anterior and lateral semicircular canals may also be involved, although less frequently. [@JR0610sr-7]

Several forms of therapeutic interventions for this disorder are described in the literature, but there are three basic treatments as follows: canalith repositioning, Brandt-Daroff liberation exercises and Brandt-Daroff habituation exercises, used according to the diagnosis established in the evaluation. [@JR0610sr-8]

In addition, some patients with BPPV have complaints associated with balance problems, which can last for hours or days after an episode, and feeling of dizziness or flotation. [@JR0610sr-8] In such cases, it is necessary to evaluate the patients\' postural stability in order to develop a better possible treatment plan. Among the balance tests, there is the Romberg, and a variation called the sensitized Romberg, in which the patient must stand on one foot, with eyes closed on an unstable surface, which distorts the somatosensory feedback. [@BR0610sr-9]

The goal of this work is to demonstrate that there are benefits to the patients with BPPV treated with vestibular rehabilitation technique, which has been shown to abolish the symptoms of roundabout vertigo and imbalance.

The objective of this systematic review is to investigate the long-term effectiveness of vestibular rehabilitation and the rate of recurrence of symptoms in patients with BPPV.

Review of the Literature
========================

Searches were conducted in the databases PubMed and LILACS, using the extracted descriptors of Medical Subject Headings (MeSH) that characterized the theme: BPPV AND canalith repositioning maneuver AND benign recurrent vertigo AND vestibular rehabilitation.

The criteria for the selection of the studies were: articles in English; published in the last 10 years; clinical studies in adults with emphasis on the diagnosis and treatment of BPPV. We excluded studies that included patients with neurologic diseases, negative Dix-Hallpike and Roll tests and those with the use of drugs that can inhibit and stimulate vestibular function, or used to compare or complement treatment with vestibular rehabilitation (maneuver of repositioning and liberation).

-   Evaluation of studies

The summaries of 38 articles that fulfilled the search criteria of the survey were reviewed, and 12 studies were included in the study according the selection criteria. [Fig. 1](#FI0610sr-1){ref-type="fig"} shows the flow diagram for inclusion.

![Diagram showing the selection and type of study used in the review.](10-1055-s-0037-1604345-i0610sr-1){#FI0610sr-1}

-   Epidemiology data

This review found 12 studies investigating the effects of vestibular rehabilitation (repositioning maneuvers and canalith liberation) in resolving symptoms of vertigo and nystagmus in patients with BPPV caused by canalithiasis or cupulolithiasis involving the three semicircular canals ( [Table 1](#TB0610sr-1){ref-type="table"} ). In all studies the diagnosis of BPPV is based on the clinical history and the occurrence of nystagmus triggered by the Dix-Hallpike test or Roll test. The sample included 2,335 participants of which 1,414 were women (60.5%) and 921 were men (39.5%), and their ages ranged from 20--88 years old.

###### Analysis of the articles included, taking into account the author and year of publication, sample size, objectives and type of treatment

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author and year of publication             Objectives                                                                                         Sample size   Type of treatment                                                      STE\         LTE\         Rr
                                                                                                                                                                                                                                     (\< 3 mth)   (\> 3 mth)   
  ------------------------------------------ -------------------------------------------------------------------------------------------------- ------------- ---------------------------------------------------------------------- ------------ ------------ -------
  Lee et al; [@JR0610sr-11] (2014)           Assess the short-term effectiveness of the Epley maneuver, Semont and sham treatment of BPPV.      99            Canalith repositioning and liberation of posterior canal               82.4%        −            6.2%

  Balikci & Ozbay; [@JR0610sr-14] (2014)     Evaluate the effectiveness of the Epley maneuver with posture restriction on recurrence            78            Canalith repositioning of posterior canal                              93.2%        86.4%        10.1%

  Tan et al; [@JR0610sr-17] (2014)           Evaluate the short and long-term treatment of canalith repositioning versus rehabilitation chair   165           Canalith repositioning of posterior canal                              95.2%        95.2%        6.1%

  Bruintjes et al; [@JR0610sr-7] (2014)      Evaluate the effectiveness of long-term Epley maneuver                                             44            Canalith repositioning of posterior canal                              95%          91%          7%

  Teggi et al; [@JR0610sr-18] (2013)         Establish a possible cause residual after canalith repositioning therapy                           90            Canalith repositioning of posterior canal                              68.8%        −            31.1%

  Vaz et al; [@JR0610sr-16] (2013)           Observe clinical and functional aspects in the elderly after Epley maneuver                        30            Canalith repositioning of posterior canal                              100%         −            −

  Prokopakis et al; [@JR0610sr-12] (2013)    Evaluate particle repositioning maneuvers in the short and long term                               965           Canalith repositioning and liberation of posterior and lateral canal   92%          55%          15.5%

  Toupet et al; [@JR0610sr-10] (2012)        Evaluate the Epley, Semont and postural restriction on short-term                                  226           Canalith repositioning and liberation of posterior canal               60.6%        −            27%

  Amor-Dorado et al; [@JR0610sr-15] (2012)   Compare the effectiveness and recurrence rate of treatments with the Epley and Brandt exercises    81            Canalith repositioning and Brandt-Daroff habituation exercise          80.5%        64.4%        35.5%

  Chen et al; [@JR0610sr-20] (2012)          Evaluate the effectiveness of Semont                                                               128           Liberation of posterior canal                                          80%          84.62%       15%

  Testa et al; [@JR0610sr-13] (2012)         Evaluate a new technique applied to maneuver Gufoni                                                87            Canalith repositioning of lateral canal                                81.6%        −            9.1%

  Mandalà et al; [@JR0610sr-19] (2012)       Evaluate the effects of Semont                                                                     342           Liberation of posterior canal                                          86.8%        −            13%
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: LTE, long-term effectiveness; mth, months; Rr, rate of recurrence; STE, short-term effectiveness.

-   Treatment

Five studies investigated the efficacy of the Epley maneuver; two, the effectiveness of Semont; two compared the Epley and Semont maneuvers to treat posterior canal; one study compared the performance of the Brandt and Epley maneuvers; one study investigated the effects of the Gufoni maneuver and one study assessed the effects of the Epley and Barbecue maneuvers in posterior and lateral canal BPPV ( [Table 2](#TB0610sr-2){ref-type="table"} ). All trials included the positive conversion to a Dix-Hallpike negative test as a measure of outcome and treatment evaluation. Information on the therapeutic maneuvers used for BPPV were provided in all articles.

###### Distribution of articles according to strategy

                       Epley           Epley and Semont   Semont          Brandt and Epley   Gufoni          Barbecue and Epley
  -------------------- --------------- ------------------ --------------- ------------------ --------------- --------------------
  Strategy             Effectiveness   Comparison         Effectiveness   Comparison         Effectiveness   Effectiveness
  Number of articles   5               2                  2               1                  1               1

Articles reporting the effects of the Epley maneuver in the short term stated that 91% of participants felt improvement of symptoms with one to three therapy maneuvers. In this research, after each Epley or sham maneuver, the Dix-Hallpike test was repeated. If necessary, a therapeutic maneuver (Epley as well as sham maneuver) was repeated up to two times on the same day. Therefore, 95% of the patients reported complete resolution of symptoms in the long term at the end of follow-up. [@JR0610sr-7]

When comparing the Epley and Semont maneuvers in the resolution of patients\' complaints, the results were similar, with no statistical significance (success rate in treating 48% of patients with only one Semont maneuver, and 40% with one Epley maneuver - *p*  \< 0.01). [@JR0610sr-10] However, Lee et al [@JR0610sr-11] showed that 63.9% of the sample had an improvement in the symptoms with up to 2 maneuvers, a rate higher than those of the Semont and the sham groups, which, with the same amount of maneuvers, had 37.5% and 38.7% of patients with resolution of symptoms respectively. In relation to the recurrence rate, it was lower in the group treated with the Epley maneuver, which had no patient with recurrent vertigo and nystagmus one week after treatment; while there were 3 cases of recurrence with the Semont maneuver. [@JR0610sr-11]

For the horizontal canal, the intervention with the Gufoni and Barbecue maneuvers proved highly effective, with 92 and 93% treatment success rates, respectively. [@JR0610sr-12] [@JR0610sr-13] Testa et al, in their study, revealed that there is no difference between the Gufoni and the modified Gufoni maneuvers. [@JR0610sr-13]

About the recurrence of vertigo, 50% of the analyzed studies assessed the effects of the maneuvers in the long term (3 months to 1 year), reaching rates of 89.2% recovery of patients and decreased relapse. Bruintjes et al and Prokopakis et al had similar results; in the first study, 91% of treatment success rate (20/22 patients) was observed during the 12-month follow-up, while the group that underwent sham maneuver showed 46% ( *p*  = 0.001). In the second study, there was a recurrence rate of 15.5%; it was also observed that the relapse of symptoms was more frequent in the elderly, individuals with vestibular neuropathy or head injury ( *p*  \< 0.001). In another follow-up, recurrence was found in 3 (8.1%) of the 37 patients in the restriction group and 2 (5.4%) of the 37 patients in the unrestricted group (p \> 0.05). A late recurrence occurred in 5 (13.5%) of the 37 patients in the restriction and non-restriction groups (p \> 0.05). [@JR0610sr-14] Tan et al presented a recurrence rate of 6.1% in the group that used the maneuver, and wanted to emphasize the presence of secondary symptoms, including transient nausea and sweating ( *p*  \< 0.05). Amor-Dorado et al observed a recurrence rate of 35.5% at 48 months using the Brandt-Daroff exercise and the Epley maneuver to treat the posterior canal ( *p*  = 0.62). Good long-term results show a decrease in the rate of recurrence with this treatment. [@JR0610sr-7] [@JR0610sr-12] [@JR0610sr-14] [@JR0610sr-15] [@JR0610sr-16] [@JR0610sr-17]

In all these studies, no additional resources were used, such as postural restriction, which had effective influence on the resolution of symptoms or decreased recurrence. [@JR0610sr-14] [@JR0610sr-18] [@JR0610sr-19] [@JR0610sr-20]

We can highlight the study by Prokopakis et al, which included 965 patients followed up in the short and long term. The study showed a higher short-term effectiveness, with 92% success rate and warned that there may be recurrence in 7 to 55% of the cases long term, especially in the elderly. Vaz et al showed an additional benefit to the treatment by analyzing the effects of the maneuver and also the functional aspects of postural balance in elderly individuals and found that the symptoms of postural instability ( *p*  = 0.006), nausea, vomiting ( *p*  = 0.021) and tinnitus ( *p*  = 0.003) also improved after the maneuver.

Discussion
==========

The sample was characterized by individuals aged between 20 and 88 years, and females predominated in this study, representing 60.5% of the sample. According to Parnes, Agrawal and Atlas, [@JR0610sr-2] BPPV is more common in women and seniors over 60 years old, who may present, at this age, other comorbidities.

The investigation of the effects of the various maneuvers was performed to identify the effectiveness and the effects of each one of them in semicircular canals and the mechanisms involved, specifically, because, according to Herdamn et al, accurate diagnosis and choice of appropriate maneuver are crucial to the success of the treatment. [@JR0610sr-7]

All studies were prospective and were carried from their monitoring of patients and the effects of therapy for a given period. In this way, the articles with a long-term analysis [@JR0610sr-7] [@JR0610sr-12] [@JR0610sr-14] [@JR0610sr-17] [@JR0610sr-20] have greater relevance because they could evaluate the success of therapy in a longer period of time, because, although it cannot prevent recurrence, therapy demonstrates good results. Among the studies, 11 of them are randomized, controlled, and only one was not randomized and controlled. In the latter, it was possible to visualize the effect of the therapy in a larger group (965 patients) and different realities, since it was multicenter, showing significant results and success with a small rate of recurrence that was prevalent in the elderly. The fact that the studies are quite homogeneous in many respects makes it possible to compare and combine the results and data found.

The beneficial effects of the maneuvers were significant in the treatment of BPPV in all studies, and the reduction of the rate of recurrence was identified in the studies that accompanied the long-term efficacy of the treatment and recurrence rate. What proves the importance of using this treatment. [@JR0610sr-11] [@JR0610sr-16]

Final Comments
==============

The benefits of vestibular rehabilitation in the treatment of patients with BPPV are already known from the literature, but it is also important to highlight their short and long-term effects. Moreover, it is an effective, reliable and non-invasive therapeutic approach, which leads to consider it as an important treatment option.

In this review, we could demonstrate the beneficial results of the maneuvers for the treatment of BPPV and their long-term effects. This strengthens the conclusion that this treatment is effective in resolving symptoms.
